Motivation of the Research. Many new stress-based multiaxial criteria have been proposed in recent years [1] [2] [3] [4] . However, there is still significant lack of their experimental verification. In order to partially fill this gap, in-phase combined bending-torsion experiments were performed using specimens made of a low-alloy high-strength steel (virgin specimens). Similar experiments were carried out on specimens containing surface nitrided layers (nitrided specimens). An extended comparison between classical and advanced multiaxial criteria as well as fatigue life of virgin and nitrided specimens was performed.
Multiaxial Criteria. More than ten classical and advanced multiaxial criteria were utilized to predict the fatigue life under combined bending-torsion. The complete set of criteria can be found elsewhere [2] . Hereafter, only some of them will be mentioned in more detail.
The most general form of fatigue criteria can be given as the inequality
where a and b parameters are set from two uniaxial fatigue limits (e.g., the fatigue limit in the fully reversed torsion t −1 and in the fully reversed push-pull f −1 ). The linear combination of shear (C) and normal (N ) stresses in Eq. (1) can be also replaced by a quadratic version. If the load data on the left-hand side (LHS) of Eq. (1) correspond to an experimentally determined fatigue limit, the ideal state of equality should be achieved. The fatigue index error I represents the degree of deviation from the ideal equality,
The ideal prediction leads to LHS RHS = , i.e., I = 0. If I > 0, the criterion yields conservative results since it predicts the failure of the specimen (component) under lower loads.
Criteria proposed by McDiarmid, Matake, and Spagnoli can be considered as classical ones. The McDiarmid criterion can be written as
where S u is the ultimate strength. The subscript a means the amplitude and the subscript max denotes the maximum stress value. As an example of the quadratic form, the Spagnoli criterion [7] can be mentioned,
The criteria put forward by Papadopoulos (integral approach) [8] and Gonçalves et al. [9] are examples of advanced approaches. In the Papadopoulos criterion the input variables (shear and normal stresses) are integrated over all planes, 
where T a is the amplitude of resolved stress, ϕ, ψ, and χ are the Euler angles, and σ H ,max is a maximum value of the hydrostatic stress. The Gonçalves criterion is expressed as Experimental Procedure. The specimens were made of the high-strength low-alloy steel ÈSN 41 5340. The basic mechanical properties of the material are σ y = 805 MPa and S u = 930 MPa. One of the surface treatment methods improving the fatigue life is the deposition of nitriding layers by a plasma discharge [10] . The nitriding process parameters are shown in Table 1 . The experiments were made by means of the multiaxial-test machine MZGS-100 at room temperature. The applied loading of frequency 29 Hz comprised symmetric (R = −1) sinusoidal bending and torsion and their in-phase combination. Figure 1 presents life diagram according to the McDiarmid criterion for virgin and plasma-nitrided specimens. Table 2 lists the calculated error indices for different criteria.
Conclusions. Our results show that the fatigue life of the nitrided specimens is significantly higher than that of the virgin specimens. The curves are plotted using the McDiarmid criterion for the number of cycles n = ⋅ 5 10 5 and the experimental data correspond to the fatigue life of ( ) 5 2 10 5 ± ⋅ . This conclusion can be made even though a relatively small number of investigated nitrided specimens were tested. The calculated error indices reveal that the McDiarmid criterion was the most successful in the fatigue life prediction for virgin specimen and the Matake criterion was the most successful for nitrided ones.
